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Southland smooth bromegrass, Bronws incrmis Leyss., is well adapted 
to the climatic conditions in Oklahoma and was recommended and re-
Jca,ecl b\ the Oklahoma Agricultural Experiment Station in 1953. 
,\t tempts to encourage growers to produce seed under the certifica-
tion progTam met with some success for several years. Now, however. no 
certified or registered seed is produced in the state due to insufficient 
inform a 1 ion regarding the best cultural and management practices for 
'eed production. Low yields and especially infestation of annual bromes 
111 I ield., dC\·oted to seed production have discouraged growers. 
Rnean h reportetl herein was made to determine the effects of various 
fertiliter treatments ou Southland smooth bromegrass seed yields; to deter-
Ill inc the effects of solar radiation, soi I and air temperature, moisture, 
lertilit\ :111d minute insect~ on the seed set of Southland smooth brome-
Literature Review 
Seed Yields from new bromegrass stands are usually high the first 
:ttHl 'il'< oml crop years but decrea'e rapidly with age. Part of the problem 
i' inadequate fertilit;, especially nitrogen, and water. Fertility studies 
in 1\.an'a' .. \nder,on (I) and :\'ebraska, !\'ewell and Keim (lO) showed 
,imibr rnulh. Seed :md forage yields increased with increa;,ing amounts 
"I nin,,gen up to tOO pound'i per acre. :\"itrogen applied in the fall 
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stimulated seed yields as effectinJy as early spring- applications. Ammon-
ium nitrate, ammonium sulfate, and calcium nitrate are all effective 
suppliers of nitrog-en for bromeg-rass according- to Harrison and Cra\1·-
ford (8), Churchill (4) and Laug-hlin (9). Seed yields varied from 750 
to 1,000 pounds per acre (I) and to a-; much as 1,100 pounds per acre 
in fertility studies conducted by Cain, 1'1 a!. (2). Chessmore and Harlan 
(3) reported that 100 to 500 pouncb of seed per acre may be obtained 
\\·ith fertilization in Oklahoma. 
Helminthosporium leaf spot and bacterial blight are common dis-
eases of bromegrass in Oklahoma. Tamini and Dunn (12), Drolsom aml 
Kaufmann (7) and Thomason and Dickson (13) have evaluated the 
reaction of brmnegrass to various diseases. 
A differential exists in thermal death points of the staminate and 
pi-,tillate organs of smooth bromegrass. This differential was evident in 
studies conducted by Domingo (6) when he used hot water to emasculate 
smooth bromegrass florets. Panicles treated at 47°C. for five minutes 
remained capable of seed production by \\·ind pollination, but were 
effectively emasculated when compared to the production of selfed seed-,. 
Clark (5) confirmed these finding-s and showed that proper temperature 
of hot water varied with the time o[ day. A 45°C. treatment before 
10 a.m. and after 5 p.m. was as severe a-, a treatment of 47°C. during the 
wannest part of the clay. 
Partial-to-complete blasting- of the seed head is not uncommon in 
grasses in Oklahoma. Starks and Thurston (11) refer to the blasted seed 
head of bluegrass as silver top. They found that the larvae of several 
insects Oscinclla neocoxendix and 0. coxendix (Chloropidae) were asso-
ciated with this abnormality. 
Methods and Material 
Approximately one-quarter acre of Southland smooth bromegrass 
was established in three foot rows under irrigation in the fall of 1955. 
:\Ianagement studies were initiated in 1956. The study utilized 13 fer-
tility treatments: (l) check; spring treatments; (2) 40 lbs. N per acre; 
(3) 80 lbs. N per acre; (4) !60 lbs. l\' per acre; (5) 320 lbs. N per acre. 
Treatments 6, 7, 8, and 9 were the same as treatments 2, 3, 4, and 5 but 
applied in the fall. Four fall and spring split applications were made: 
(10) 20 + 20 lbs. N per acre; (II) 40 + 40 lbs. N per acre; (12) 80 + 
80 lbs. N per acre; and (13) 160 + 160 lbs. N per acre. Three replicates 
of each treatment were utilized in a randomized block design. Each repli-
Production of Southland Smooth Bromegrass Seed in Oklahoma 5 
c ate contained three 25-foot rows. Yields were taken from the middle row 
or each plot. Seed yields by treatment were threshed, cleaned and re-
ported in pounds pure seed per acre. 
Although seed yields were reawnably high during 1957 and 1958, 
many empty florets per spike were obsened. The potential crop response 
to treatment was not fully realized due to the partial blasting of the seed 
he;Hk Solar radiation, soil and air temperature, moisture, fertility, and 
minute insecb were investigated as factors affecting seed set. 
.\ white horizontal canopy (made of 45° anglecl louvers, lO by 10 
feel), mounted on adjustable legs and built to allow free air movement, 
wa' placed over the plants under field conditions prior to blooming . 
. 'lolar radiation and air temperature measurements were taken at five 
locations (ea,t, west, north, south, and center) under the canopy and 
at one reference location under open field conditions from heading to 
llLtturit\ .. \ measure of wlar radiation was obtained with a black-bulb 
thermometer enclosed in an ey;tcuated glaS!> envelope. The readings were 
comidered proportional to the intensity of solar radiation received among 
the seed heads. Similar white-bulb enclosed thermometer measurements 
were taken at the outside location. Daily readings were taken at approxi-
mately 2-hour interval;, from 8 a.m. until fi p.m. 
The effect of the varying radiation received among the seed heads 
under the canopy wa.-, measured by harvesting five spikes from each 
locttion at weekly intervals. The number of florets produced per spike 
and number of pure seed found at each interval were recorded. An at-
tempt \\·as made to relate the intensity of solar radiation incident upon 
the seed heads beneath the canopy to ~eed set. 
The effect on seed production of dieldrin applied at 0.44 pound-, 
active ingredient per acre lor in~ect control 1vas studied in combination 
with fertility in 19fil, '(i2. and 'G3. Spray applications were applied to 
one-half of each fertilized plot during the boot stage and again a week 
after full bloom. 
A preliminary suney of insect~ was conducted during the repro-
ducti\e stage to determine the kinds of possible seed-feeding insects 
responsible for seed loss. A thin layer of Tree-Tanglcfoot (containing 
ca~tor oil, natural gum resin'>, and \'Cgetable wax) was spread on an H b\ 
I 0 inch sheet of paper suspended on a wooden stake in the field. Two 
collection sites, one at head height and the other at the basal leaf area 
of the plants, were used. The trapped insects were removed at regular 
intervals from the adhesive material with ethyl alcohol. 
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Results and Discussion 
Seed yields in 1957 were significantly different between rates ol 
nitrogen fertilizer (Table I) hut not between elates of application. Re-
gan !less of whether treatments were applied in the fall, spring. or split 
fall and spring, 80 pounds actual N per acre produced the highest yields. 
Seed yields in 1958 were not significantly different between rates and 
dates of application nor between rate x times x elates. Unfertilized check 
plots produced higher average yields than the fertilized plots. During 
both years, 160 and 320 pounds :'\ per :ttre produced the least amount 
of seed regardless of whether treatmenh \\"Cre applied in one applic:ttion, 
bdl or spring, or split fall and :,pring. 
Bromegrass appeared to be sensitive to climatic conditions during 
seed development and maturity. Potential increases from fertilization 
were nullified by seed blasting. 
The percentage of blasted florets per spike in smooth bromegr:t'>'> 
was highest during years with high daytime temperatures. Poor seed :-et 
Table 1. Average of three replications in pounds pure seed 
produced by treatment and date of application, 
1957-58. 
Time of Actual N. Pounds per acre 
Application Per Acre 1957 1958 
0 603 628 
40 512 365 
Fall 80 672* 349 
160 545 282 
320 499 294 
40 590 404 
80 662* 356 
Spring 160 481 274 
320 363 264 
20 + 20 635* 382 
Split 40 + 40 635* 485 
Fall and Spring 80 + 80 558 319 
160 + 160 408 235 
*Significant at the 5r; level of confidence. 
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percentages between years "'CIT thought to be caused by an interaction 
between day length. humidity, hot dry winds, high solar and nocturnal 
radiation andjor conductivity of the seed appendages, soil temperature, 
soil moisture, and fertility. 
The effects of ,·arying alllounts of solar radiation on seed -,et were 
im'Cstigated in 195~) and '60. Solar radiation, using black-bulb and air-
temperature thermometers, was measured from the time of heading to 
seed maturity at nine locations under a louvered canopy. 
Air temperatures simultaneously obsencd at the nine loctliot!', undet 
the canopy were within I °C. from location to location during both years . 
. -\ \'erage air 1 em per a tures beneath the canopy and with those obsen'Cd 
under field conditions also were within I °C. Soil temperatures "·ere in 
closer agreement than those of air temperatures. The uniformit) of both 
air and soil tempeLtture frolll location to location was inconsistent with 
the yariation found in the number o( florets per spike, the number of 
seed units per spike, and the percentage of blasted florets (Table~). This 
suggested that air and soil temperature pbyed a minor role in seed-blast-
ing. 
Table 2. Effect of varying amounts of solar radiation on the 
production of smooth bromegrass seed. 
Canopy Sample Location 
Year East West North South Center Outside 
Av. Number 
florets per spike 1959 169 187 110 114 107 224 
1960 282 177 153 173 109 271 
Av. Number pure 
seed -found 
per spike 1959 39 55 71 73 64 42 
1960 126 47 23 33 68 81 
Percent of T ota I 
seed-set 1959 23.5 34.5 70.5 78.3 65.2 21.9 
1960 43.8 26.5 15.0 19.1 40.2 29.8 
Percent of total 
potentia I lost 1959 76.5 65.7 29.5 21.7 34.8 78.1 
(blasted seed) 1960 56.2 73.5 85.0 80.9 59.8 70.2 
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Table 3. Average daily black-bulb temperatures °C. and time 
of maximums at various locations under a canopy 
as compared to open field conditions, 1959-60. 
Year East West North South Center Outside 
Av. daily 
(8 a.m. to 6 p.m.) 
radiation 1959 36.3 38.1 33.7 34.6 32.5 41.9 
temp. sc. 1960 36.4 36.6 36.0 37.1 32.0 41.0 
Time of maximum 
average temp. 1959 lOam 4pm 2pm 2pm 2pm 2pm 
oc. 1960 lOam 4pm 4pm 4pm 2pm 2pm 
Av. temperature 
oc. at the above 
time 1959 40.3 46.1 35.5 38.1 35.0 45.7 
1960 39.8 44.2 36.8 43.8 36.3 44.7 
Av. temperature 
0 C. below 
outside 1959 5.4 -0.4 10.2 7.6 10.7 0.0 
1960 4.9 1.5 7.9 .9 8.4 0.0 
The average number of florets produced, as compared to the average 
temperatures, Table 3, was directly proportional to the intensity of 
racliation. The subsequent fate of these seeds was not clear-cut due to 
the 11·ide variability of insect damage from location to location (Figure 
1). The insect was identified as belonging to the Chalcid group. The 
ligures indicated that the insect had a preference for the locations with 
the greatest amount of radiation but these \\'ere inconclusive. 
The variation due to insect damage \ras eliminated by assuming that 
insects damage seed indiscriminately. Thus, the total counts of florets 
11•ere reduced by an amount equal to the quantity of damaged seecl and 
the percentages of blasted and pure-seed were recomputed. 
The three locations with the highest daily average black-bulb tem-
peratures showed about twice the percentage of blasting in 1960 as the 
three more shaded locations. The outside location had the highest per-
centage of seed blasting as well as the largest number of florets per spike. 
However, the seed heads s;nnpled in the ea'>t area under the canopy had 
over I 0 percent more blasting than those in the west. This was in con-
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Figure l. Seed damage due to an insect identified ;ts belongi11g to the 
Cl/(/lcid gr01tp in 1960. The !arne of Oscin!'!la spp. arc also 
sw.,pccted ;ts seed lecders ol. smooth hrome. 
tra">l to ol>-,erv;ttions that the \I'C'>t had both a higher average daily ;mel 
a higher a\'erage maximum black-bulb temperature. The only app<trent 
cxpLtnation lor the grealcr pen enLtge of blasting in the cast location 
\\'<IS that it receive<[ a maximum intensity of radiation in the morning 
when air tL·mperaturcs were low and dew ,,·as frequently on the plants. 
The following year, however, blasted seed found in the east section of the 
canopy \\·as 25 to 30 percent less than the amounts found in the west ;md 
south. 
The humidity in the plant cnvin>nmeti1 is ;dlectcd by air mo\emcnt 
and radiant energy. The lack of air movement and increasing radiant 
en erg\ m;t; a fleet stigma rccepta bi lit\' or the dispers;tl and longcvi ty of 
viable pollen. 
rhe data strongly indicate that excessive solar radiation increases 
the number of florets per ~pike. but drastically decreases the percentage 
of seed set. Thus, intense solar radiation appears to decrease seed yield. 
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From these studies it 'vas apparent that minute insects cau~e con-
siderable damage to seed set and, subsequently, )ield in smooth brome-
grass. The gradual development and lack of uniform maturity character-
istic of most native and introtluced grasses provide an ideal habitat where 
populations of very small insects may expand, unnoticed. into surpris-
ing proportions. 
Table 1 shows the kinds of insects which inhabited the ,mooth 
bromegrass seed production area. A greater number of species possibly 
could have been collected. Although some arc known to be parasites on 
other insects, manv are smpected seed feeders and need to be positively 
identified. In general, the influence of insects in grass seed product ion 
remains largely unknown. 
Table 4. A preliminary survey of minute insects found among 
















Genus and Species 
(unidentified) 2 different speci-
mens 






Hippelates plebejus (lw.) 
Thaumatomyia glabra (Mq.) 
Oscinella minor (Adams) 
Elachiptera (melanochoeta) 
kaw Sabr. 




Simulium meridionale (Riley) 
Bradysia sp. 
Platycheirus sp. 
Trogoderma glabrum (Hbst.) 
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Table 4. (Cont'd.) A preliminary survey of minute insects 
found among smooth bromegrass plants from boot 
stage to plant maturity. 
Order 






















Genus and Species 
Drepanocyrtus bipunctatus 
(Packard) 
Phlegyas annulicrus (Stal.) 
lygus lineolaris (Beauvois) 





Xestocephalus pulicaris (Van D.) 
Athysanella sp. 
Delphacodes campestris (Van D.) 
Mirini sp. 
Tetrastichus sp. 
Lasioglossum (Evylaeus) sp. 
Campoletis sp. 
Amblymerus sp. 
Aphelinoicea plutella (Girault) 
Chrysopa cornea (Steph.) 
Frankinella occidentalis 
(Pergande) 
*Insect specimens were identified by the Insect Identification and Parasite Introduction 
Research Branch. Enton1ology Research Di\·ision, Agricultural Research Service. U. S. 
Department of Agriculture. 
Indication.-, were that an insect belonging to the Chalcid group ac-
counted for an approximate cHl percent decrease in the amount of pure 
-;eed produced in 19ti0. Spray ;tpplications of dieldrin during the boot 
-,tage ol reproduction and again a week after blooming increased the 
;tmount ol well filled pure seed two out of the three years studied (Table 
:; ) . 
. ~t the start of the fertility-insecticide studies in I %0, two to three 
poumh per acre simazine were applied each spring to control annual 
brome. The continued w,e of sirna;ine reduced seed production ;md 
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Table 5. Effect of fertilizer with and without spray applica-
tions of dieldrin on Southland smooth bromegrass 
yields, 1961-63. 
Dieldrin 
Treatment With Without Difference 
---------------- ----------
Lbs. N/Acre 1961 1962 1963 1961 1962 1963 1961 1962 1963 
Pounds pure seed per acre 
0 283 286 73 234 267 34 29 21 29 
40 290 331 50 262 201 69 28 130 -19 
80 262 275 58 203 106 87 59 89 
120 422 191 80 248 241 76 174 -50 4 
caused a gradual and earh drying of the lower plant leaves. Afler three 
consecutive yearly applicatious, some areas 20 Lo 30 feet long within a 
rm,· 1\ere mmpletely void of plants. "\ small test in 19G3 using active 
·,imatine applied at three, six and eight pounds per acre confirmed the 
herbicille effect on production and stand maintenance. \Vithnut excep-
tion the injury, gradual dying, and failure to set seed was the same as 
tllat oiJsenTd earlier. 
The extent to which microclimatic comlitions influence the physio-
logical [actors of seed development are not well understood. The prob-
lem in production studies is no longer how much water and nutrients are 
rcq uircd for maximum procluction but the lack of realizing full seed set 
possible under optimum fertility and moisture regimes. Failure to realize 
full seed set potential, in the presence of adequate fertility and soil moi.'>-
ture is evident in a large number of both native and introclucecl grasses 
<h well as most other crop,. 
Sun1n1arv 
Fertility and management studies on smooth bromegrass showed that 
seed production is increased by up to 80 pounds actual nitrogen per acre 
regardless of whether treatments are <~pplied in Ldl, e:1rly -,pring, or 
split fall and early spring. Heavier rates of nitrogen appeared to reduce 
seed) ields in favor of forage. Pho-,plwrus in combination with nitrogen 
was of litt.le value in stimulating seed production. 
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Throughout the stmly, potential iucreases in seed produce<l by 
fertilization were nullified by blasting, to the extent of 50 to 70 percent 
of the exposed florets. The percentages of blastetl flmets per spike were 
highest during years with high daytime temperatures. 
P1eliminary investigations regarding the cause of seed blasting indi-
cated that during reproduction smooth bromeg-rass requires a certain 
amount of diffused radiation for maximum seed set. The data indicated 
that the ;tYerage number of florets produced per spike was directly pro-
portional to the intensity of radiation. \Vhereas, seed set was reduced 
under continued high solar radiation. 
The uniformity of both air and soil temperatures under a canop; 
was inconsistent with the \ariation found in the number or florets, the 
number of pure seed produced, and the percentage of blasted florets pet 
spike. This inconsistency indicated that :tir and soil temperatures pl:tY 
a minor role in see<l blasting. 
Part of the cause of seed blasting and low yields was attributed to 
minute seed feeding insects. "\n insect belonging to the Chalcid group ac-
counted for approximately a ;)() percent decrease in seed set in EHiO. 
Spray applications of dieldrin applied once during the boot <tnd bloom-
ing stage of reproduction increased seed yields in two out of three ye:trs 
studied. 
A suney on the kin<ls of imects inhabiting the seed production area 
revealed a number of suspected feeder'>. However, little is known about 
the life cycles, feeding and other habits of most of the species collected. 
Certain of these suspected feeders nee<l to he positively identified and a 
means of control developed. The inlluence of the minute insect in gLt>s-
seed production remains largely unknown. 
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Oklahoma's Wealth in Agriculture 
Agriculture is Oklahoma's number one industry. It has 
more capital invested and employs more people than any 
other industry in the state. Farms and ranches alone represent 
a capital investment of four billion dollars-three billion in 
land and buildings, one-half billion in machinery and one-half 
b iII ion in I ivestock. 
Farm income currently amounts to more than $700,000,-
000 annually. The value added by manufacture of farm 
products adds another $130,000,000 annually. 
Some 175,000 Oklahomans manage and operate its 
nearly 100,000 farms and ranches. Another 14,000 workers 
are required to keep farmers supplied with production items. 
Approximately 300,000 full-time employees are engaged by 
the firms that market and process Oklahoma farm products. 
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